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Description 

RACKGROUND OF THE INVENTION 

5 This invention relates to the radiation curing of polymerlzabie coatings, such as Is commercialiy practiced on many 

types of substrates. Radiation curing speeds up the application ot coatings and generally requires the use of phototn- 

itiators. 

There are two principal types of such photoinitiators, cationic and free radical, which are selected depending upon 
the species of polymerizable materials used. For example, cationic photoinitiators are required by vinyl ethers and 
10 epoxy compounds, while free radical photoinitiators are emptoyed with acrylates. When free radical photoinitiators are 
used, it is generally preferred to carry out the polymerization in an inert atmosphere such as nitrogen. Othenwise. the 
polymerization reaction is slowed by the presence of oxygen. Materials which are radiation cured with cationic pho- 
toinitiators need not avoid air and thus have an advantage over materials which require an inert atmosphere to be most 
efficiently cured. 

IS In the past, where both types of polymerizable compounds have been used together, both types of photoinitiators 

have been included. For example, in U.S. Patent 4,156.035 mixtures of epoxy resins and acrylates are shown to be 
cured by radiation in the presence of both cationic and free radical photoinitiators. Dougherty and Vara in Rad Tech 
90. North America. Conference Proceedings, confirmed this and reported on their experiments with mixtures of acr- 
ylates and vinyl ethers In which they employed both types of photoinitiators. They found that the use of cationic pho- 

20 toinitiators alone gave inferior results compared to mixtures of both types. More importantly, they found that free radical 
initiators failed to provide sufficient curing when both acrylates and vinyl ethers were present. 

In U.S. Patent 4,999,216 the patentees reported on a fomriulation which employed only free radical Initiators with 
mixtures of vinyl ethers and maleate or fumarate esters which are known in the art to copolymerize. The coating for- 
mulation was intended for use on concrete floors and, as the patentees pointed out, cationic photoinitiators could not 

2S be used on a basic substrate since they involve the release of acid compounds. The assignee of the '21 6 patent stated 
in PCTAJS90/01 243 that vinyl ethers do not homopolymerize In the presence of free radical Initiators and that they are 
therefore not replacements for (meth)acrylates. 

Many of the radiation cured coatings in commercial use today include acrylate compounds and these are often 
blended with undesirable reactive diluents, such as N-vinyl pyrrolidone and acrylate monomers. Consequently, it is 

30 important to limit the use of such undesirable compounds and the substitution of vinyl ethers has been considered. 
Since vinyl ethers are radiation cured in the presence of cationic photoinitiators and acrylates are cured using free 
radical initiators, one might expect that mixtures of both types would be preferred. The present inventors have found 
that mixtures of multifunctional acrylates and vinyl ethers can be satisfactorily cured by radiation using only free radical 
photoinitiators. as will be seen in the discussion below. 

35 EP-A-01 55704 discloses photopolymerizable compositions comprising cyclic vinyl ethers (which are 3.4-dihydro- 

2H-pyranyl compounds) and urethane acrylates. The compositions are polymerized In the presence of combinations 
of cationic and free radical photoinitiators, WO-A-9 111 466 describes radiation curable compositions comprising an 
acrylate monomer or oligomer, a divinylether polyacetal oligomer and a cationic photoinitiator. 

According to the present invention, there is provided a radiation curable coating composition comprising: 



40 



(a) multifunctional acrylate oligomers and monomers; 

(b) vinyl ether monomers in amounts up to 35 equivalent % of the composition; 

(c) an effective amount of a free radical photoinitiator and in the absence of a cationic photoinitiator. 

45 Preferably the vinyl ether monomers comprise 0.5 to 20 equivalent percent of the composition. 

The vinyl ether monomers may be defined by the formula 



(R»CH=CR"-0-Z)„-B 

so 

where 

are monovalent radicals selected from the group consisting of H and alkyi groups having 1-10 carbon 

atoms 

is a divalent radical having a molecular weight of about 28 to 250 and selected from the group consisting 
of alkylene, cycloalkylene or polyalkylene ether radicals 
is an integer from 1 to 4 

is derived from aromatic and aliphatic hydrocarbons, esters, ethers, siloxanes. urethanes, and car- 



R' and R" 

55 Z 

n 
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bonates and has a molecular weight of about 60 to 400. 
Acrylates may be defined generally as compounds which contain the group 



R O 
I i 

CHj = C • C - O • 

10 

where R is H or CH3 

In the present invention, multifunctional acrylates are included in the coating composition in preference to nrionofunc- 
tional acrylates although some monofunctlonal acrylates could be present. The acrylates may be oligomers andAor 
monomers and preferred formulations include those containing urelhane and epoxy oligomers. 
IS The free radical photoinitiators preferably are acetophenone derivatives or benzoyl diaryl phosphine oxide deriv- 
atives. 

DETAILED DESCRIPTION OF THE INVENTION 
20 VINYL ETHER MONOMERS 

The vinyl ether monomers may be generally described by the formula 

(R*CH=CR-0-Z) -B 

2S " 

where 



R* and R' are monovalent radicals selected from the group consisting of H and alkyi groups having 1 -10 carbon 

30 atoms 

Z is a divalent radical having a molecular weight of about 28 to 250 and selected from the group consisting 

of alkylene, cycloalkylene or polyalkylene ether radicals 

n is an integer from 1 to 4 

B Is derived from aromatic and aliphatic hydrocarbons, esters, ethers, siloxanes, urethanes, and car- 

35 bonates and has a molecular weight of al>out 60 to 400 



Monofunctlonal monomers are those which have n= 1. while the multifunctional monomers are those which have 
n=2to4. 

40 Vinvl Ether Monomers from Esters 

Vinyl ether terminated ester monomers may be described by the formula 



4S O 

I 

M,-(-C-0-2-0-CR-«CHR')« 

SO where 

n is 1 to 4, 

is a mono, di, tri, or tetra functional radical having a molecular weight of 1 5 to 1 BO and selected from 
the group consisting of alkylene. arylene, arakylene and cycloalkylene radicals, 
55 z is a divalent radical having a molecular weight of 28 to 250 and selected from the group consisting of 

alkylene. cycloalkylene, or polyalkylene ether radicals 
R' and R" are monovalent radicals selected from the group consisting of H and alkyI groups having 1 -1 0 carbon 
atoms 
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In one preferred embodiment M, is a mono. di. tri. or tetra functbnal radical of benzene. In another embodiment. 
is allcylene with 2-4 carbon atoms and Z is the a,a' diradical derived from 1 .4-dimethyIcyclohexane. 

Vinvi Ether l^^onomers from Ethers 

5 

Vinyl ether terminated ether monomers may be obtained by reacting poly(ethyleneoxy). poly(propyleneoxy) or poty 
(butyleneoxy) glycols, i.e.. HO-l-CHgCHaOU-H. HO-[-CH(CH3)CH201„,.H. or HO-[-(CH2)40]„-H. respectively, where 
m has an average value of about 1 to 5 with acetylene or a vinyloxyalkylhalide, for example, 2-chloroethyl vinyl ether. 
Transvlnylation of the glycols with an alkyi vinyl ether may also be used. 

10 

Vinvl Ether Monomers From Aliphatic Hydrocarbons 

Vinyl ether terminated aliphatic monomers may be described by the fomnula 

M2-{-OZ-OCR' = CHR')„ 

where 

so r\ is 1 to 4 

is a mono, di, tri, or tetra functional aliphatic or cycloaliphatic radicals having a molecular weight of 

about 56 to 500 
Z is a divalent radical as defined above 

R' and R" are monovalent radicals as defined above 

2S 

Vinvl Ether Monomers From Aromatic Hvdrocariaons 

Vinyl ether terminated aromatic nrxjnomers may be described by the formula 

M3-(-OZ-OCR" = CHR')„ 



where 



35 n is 1 to 4 

Mg is a mono, di, tri, or tetraf unctional aromatic radical having a molecular weight of about 77 to 500 

Z is a divalent radical as defined above 

R' and R" are monovalent radicals as defined above 



40 Vinvl Ether Monomers from Polvslloxanes 

Vinyl ether terminated polyslloxane monomers may be described by the formula 

(R'CH=CR"-0-Z-)„-A' 



where 

n is an integer from 2 to 8 

so A is a polysiloxane having n Si-H groups and a molecular weight of 140 to 500 

R', R", and Z are as defined above. 

Vinvi Ether Monomers from Urethanes 

55 Vinyl ether terminated urethane monomers may be described by the formula 
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0 
I 

M4-(-NHCO-Z-0CR'-CHR0, 



where 



M4 is a mono, di, or tri functional radical selected from the group consisting of allcyiene, arylene, arailcylene. 

10 and cycloalkylene radicals 

q is 1 to 3 

R*. R", Z are as defined above 

The monomers may also be derived from polyisocyanates. such as those described in U.S. Pat. No. 4,433,067. 
IS The term poiyisocyahate also is intended to include quasi prepoiymers of polyisocyanates where the polyisocyanate 
has been reacted with active hydrogen containing materials, such as polyols. 

Vinyl Ether Monomers from Carbonates 

20 Vinyl ether terminated carbonate nnonomers may be described by the formula 



25 



0 0 

1 I 

R'HC«R^C-()-2-0-C>0-(-X-0-C-0-)p-2-0-CR'=CHR' 



where 



30 p 

R\ R", Z 
X 



is 0 to 3 

are as defined above 

is a diester. diol, or polyol moiety 



Acrvlates 



35 



Acrylates may be generally defined as compounds which contain the group 



CH2 = c - c - o - 

where R is H or CH3. 

45 Typically acrylates may be oligomers and monomers and may include urethane and epoxy moieties. It has been 

found that monofunctional acrylates will not react adequately with vinyl ethers, as will be seen in the examples below. 
However, multifunctional acrylates can react with vinyl ethers until only a small amount of the monomers remain un- 
reacted. Thus, in order that unreacted vinyl ethers may be minimized, multifunctional acrylate oligomers or monomers 
or both should be present, although monofunctional acrylates could be included to the extent that the end use of the 

so composition permits. Multifunctional acrylates which have been found useful are employed in the examples below 
However, other multifunctional acrylates are not excluded. Acrylates which contain acid moieties should be avoided 
since they may react with vinyl ethers. 

Photoinitiators 

55 

Free radical photoinitiators known in the art may be used, particularly acetophenone derivatives and benzoyl diaryl 
phosphene oxide derivatives such as are discussed in U.S. Pat. No. 4,999.216. 

One preferred photolnitiator used In the examples below is Irgacure 184, an acetophenone derivative supplied by 
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Ciba-Geigy and having the foonula 

O OH 

<0>-C- C -CHj-CHa 
I \ 

CH2 • CH2 • CH2 

10 

In the examples about 3 pph (parts per hundred) of the photoinitiator is typically used, but more generally an effective 
amount of about 3 pph ±2 pph of the composition may be employed depending on the film thickness. The selection of 
the photoinitiator and the degree of exposure to radiation will be detemnined experimentally for each formulation. 

IS Formulation 

It has been the intention of the present inventors to replace undesirable reactive diluents such as N-vinyl pyrrol idone 
in acrylate formulations. Since acrylates cure by a free radical mechanism, the substitution of vinyl ethers for N-vinyl 
pyrrolidone would be expected to be unsuccessful, since vinyl ethers are known to cure by a catbnic mechanism. This 
20 is the conclusion stated by the patentees In U.S. Pat. No. 4,999,21 6. The present inventors have discovered that vinyl 
ethers may be used as reactive diluents in acrylate formulations which contain multifunctional acrylates. 

In general, the amount of vinyl ethers included in the formulation will depend upon the maximum permissible 
unreacted vinyl ether In the cured film. Consequently, the vinyl ethers could be substituted for NVP or acrylate diluents 
to the extent that the particular application would accept unreacted diluents in the cured film. The maximum amount 
2S of vinyl ethers in the coating formulation may be up to about 30 equivalent %, but typically would be in the range of 
0.5 to 20 equivalent %. The amount of vinyl ethers which can be included in the formulation will also be affected by 
the structure of the vinyl ethers used, since their reactivity will depend upon the structure. Thus, the vinyl ether mon- 
omers included in the formulas presented above will perform differently with respect to their reactivity with acrylates. 
One skilled in the art will understand that selectkxi of specific vinyl ethers and the amounts used will be determined 
30 from experience with fomiulations with the boundaries described herein. 

In Examples 1 -3 which follow coating compositions were formulated using urethane-acrylate oligomers and epoxy- 
acrylate oligomers to demonstrate the advantages of replacing the presently used monomers with vinyl ethers. For 
example, replacing the monofunctional monomer N-vinyl pyrrolidine and the difunctional monomer hexanediol diacr- 
ylate with vinyl ethers. In each test the free radical photoinitiator Irgacure 164 (Ciba-Geigy) was used. All of the sample 
3S films were Irradiated at 450 mJ/cm^ with an RPC model QC-1202 ultravtolet processor using two medium pressure 
mercury arc lamps in a nitrogen atmosphere. 

A group of 1 .5 mil (0.038 mm) thick films were irradiated to cure and then extracted with methylene chk>ride in a 
Soxhiet extractor for 24 hours to determine the amount of unreacted monomers in the films. 

Tensile testing was carried out on films coated onto glass plates with a 3 mil (0.076 mm) Byrd film applicator The 
40 films were cured and then cut into 0.5" x 3' (1 2,7 x 76.2 mm) strips which were removed from the glass plate and tested 
in an Instron Model 4502 tester. The modulus was measured at 1% elongation according to ASTM D882. 

Studies of the cure response were carried out using DuPont DSC, Model 910 and a DuPont DPC Model 930. 

The Tg (glass transition temperature) was measured on 3 mil (0.076 mm) films which had been cured at 450 mJ/ 
cm^ using a Rheovibron Model DDV-II-C at 4 Hz. 
4S The molecular weight distributions were determined using a Perkin-Elmer apparatus with a LC-30 Rl detector. 

Ethyl acetate was used as a solvent and samples were passed through a series of columns as follows: 5 micron/50 
A. 5 micron/500 A, and 10 micron/mixed bed. 

Example 1 

so 

A series of formulations were prepared including 70 wt.% UV-893 (a urethane acrylate. Morton) and 15 wt.% of 
trimethylol propanetriethoxyacrylate (TMPTEA, Sartomer). The remaining 1 5 wt.% was N-vinyl pyrrolidine (NVP), 4-vi- 
nyloxybutylbenzoate{HBZ), hexanediol diacry late (HDDA), orbis(4-viny!oxybutyl)succinate (VEX-4030, Allied-Signal). 
Three pph of Irgacure 184 was included. The four types of films were cured as described above and then evaluated 
55 for percent extractables, viscosity, tensile strength, elongation modulus, energy at break, Tg. induction time, peak time, 
percent reacted at peak, and mean and average molecular weight. The four formulations were designated A,B.C, and 
D. Their compositions are given in the table below as weight percent and in brackets, as equivalent percent. 
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Table A 



5 



IS 



Formulation 


A 


B 


C 


° 1 


uv-sga 


70% 
(32.9) 


70% 
(40.9) 


70% 
(33.1) 


70% 
(38.8) 


TMPTEA 


15% 
(27.8) 


15% 
(34.5) 


15% 
(28) 


15% 
(32.8) 


NVP 


15% 
(39.3) 






■ 


HBZ 




15% 
(24.6) 






HDDA 






15% 

(38.9) 




VEX-4030 








15% 
(28.4) 



The results of experiments to determine the extractable content of the cured films, that Is, the amount of monomers 
remaining unreacted, are shown in the following table. 



Table B 



1 Formulation 


% Extractables 


% Monomer | 


A 


3.16 


0.16 


B 


3.84 


0.84 


C 


3.17 


0.17 




3.56 


0.56 



The bulk of the extractables may be attributed to the photoinitiator. It can be concluded that both the aery late 
diluents and the vinyl ethers have reacted with the urethane acrylate and the trifunctional TMPTEA. 
Tests to evaluate the tensile strength of the cured films are given in the following table. 



Table C 



ll Formulatio 


Vise. @25%, 


Tensile Strength 


Elongation 


Modulus (psi) 


Energy at Break [ 


n 


mPa»s 


(psi) [kPa] 


% 


[mPa] 


(Ib-in) [kJ] 1 


A 


10,525 


4481 


15.3 


202.000 


2.9 






[30,895] 




[1.393] 


[0.33] 


B 


22,275 


2414 


37,4 


64,000 


2.7 






[16.444] 




[441] 


[0.31] 


C 


9.170 


2591 


43.2 


48,400 


2.9 






(17.864] 




[334] 


[0.33] 1 


D 


22.400 


2688 


25.3 


72,000 


2.7 






[18.532] 




[496] 


[0.31] 1 



The viscosities of formulations B and D using vinyl ethers are higher than those of acrylate formulations A and C, 
It will be seen that tensile strength and modulus are altered when vinyl ethers are included. Thus, vinyl ethers can be 
used to achieve useful film properties. 

The glass transition temperature (TG) for each formulation is shown in the following table. 

55 
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Table D 



Formulation 


Tg, '^cj 


A 


78 


B 


44 


C 


37 


D 


54 



The cure response evaluation is reported in the following table. 



Table E 



Formulation 


Induction Time, sec. 


Peak Max (sec) 


Reacted at Peak, % 


A 


0.9 


2.8 


21.9 


1 ^ 


0.9 


2.8 


20.7 


II ^ 


0.8 


2.4 


20.8 


1 ^ 


0.8 


2.4 


19.4 



Both vinyl ether formulations B and D and conventional monomers A and C appear to react In a similar manner, 
however, since the reactivity ratio of the vinyl ether is much lower than that of the acrylate, the acrylate should have a 
propensity to homopolymerize. If crossover to vinyl ether does occur, the growing vinyl ether radical will rapidly cross- 
over to acrylate monomer. Thus, in the early stages of the vinyl ether/acrylate copoiymerization, the polymer formed 
will be predominately acrylate based. In the latter stages of the polymerization, however, the acrylate becomes depleted 
relative to vinyl ether and formed during the latter stages of the reaction. Crossover to vinyl ether is enhanced. Con- 
ceptually, what is formed is a continuous polymer blend based upon the acrylate homopolymer formed In the beginning 
of the reaction and the acrylate/vinyl ether copolymers of varying composition. This is suggested by the data in the 
following table which shows that the amount of monomers reacted at a given time differs when vinyl ethers are present. 







Time, 


••c. 




Fonnulation 


2 


4 


6 


8 


C 


16 


46 


66 


78 


D 


15 


43 


62 


74 



Example 2 

A series of formulations were prepared including 55 wt.% UV-893 (a urethane acrylate, Morton) and 30 wt.% of 
trimethylol propanetriethoxyacrylate (TMPTEA, Sartomer). The remaining 15 wt.% was hexanediol diacrylate (HDDA), 
bis(4-vinyloxybutyl)succinate (VEX-4030. Allied-Signal) or hexanedioldi vinyl ether (HDDVE). Again, 3 pph of Irgacure 
184 was included. The three types of films were cured as described above and then evaluated for viscosity, tensile 
strength, elongation, modulus, and energy at break. The three formulations were designated E, F, and G. Their com- 
positions are given in the table below, again as weight percent and in brackets, as equivalent percent. 
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Table G 



Formulation 


E 


F 


o 1 


UV-893 


55% 
(21.5) 


55% 
(24.5) 


55% 
(24.1) 


TMPTEA 


30% 
(46.3) 


30% 
(52.7) 


30% 
(51.9) 


HDDA 


15% 
(32.2) 






VEX-4030 




15% 

(22.8) 




HDDVE 






15% 1 
(24.0) 1 



Tests to evaluate the tensile strength of the cured films are given in the following table. 



Table H 



1 Formulatio 


Vise. 025%, 


Tensile Strength 


Elongation 


Modulus (pel) 


Energy at Break 1 




mPa*s 


(psi) [kPa] 


% 


[mPa] 


(Ib-ln) [kJ] 1 


— r= 


2.250 


2,300 


27 


65,000 


1.6 






[15.857] 




[448] 


[0.18] 


F 


4,610 


4.000 


16 


146.500 


2.1 






[27,579] 




[1.010] 


[0.24] 


Q 


1.650 


3.400 


12 


132.000 


0.9 






[23,442] 




[910] 


[0.10] 1 



Example 3 



A second set of formulations was prepared but in this case using an epoxy acrylate CN 104 (Sartomer). The 
compostions are summarized in the following table as before. Three pph of Irgacure 184 was included. 



Table 1 



1 Formulation 


H 


1 


J 


K 1 


CN104 


70% 
(55.2) 


70% 
(63.5) 


70% 
(55.5) 


70% 1 
(61.5) 1 


TMPTEA 


15% 
(18.6) 


15% 
(21.3) 


15% 
(18.6) 


15% 
(20.6) 


NVP 


15% 
(26.2) 








HBZ 




15% 
(15.2) 






HDDA 






15% 
(25.9) 




VEX-4030 








15% 
(17.9) 



The tests described above and reported In Example 1 were carried out on the second set of formulatbns and the 
results are shown In the tables below, which correspond to the tables above. 

The results of experiments to determine the extractable content of the cured films, that is. the amount of monomers 
remaining unreacted, are shown in the following table. 
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Table J 



Formulation 


% Extractables 


% Monomer 


E 


6.4 


3.4 


F 


7.4 


4.4 1 


G 


5.9 


2.9 


H 


5.7 





Again, the vinyl ethers are shown to react with the acrylates using a free radical photoinitiator. 
Tests to evaluate the tensile strength of the cured films are given in the following table. 

Table K 



Formulatio 


Vise. 025%, 


Tensile Strength 


Elongation 


Modulus (pel) 


Energy at Break 1 


n 


mPa*8 


(psl)[kPa] 


% 


[mPa] 


(ib-ln) [kJ] 1 


H 


8,100 


2,808 


1.2 


330.445 


0.05 






[19.360] 




[2.278] 


[0.0057] 1 


1 


14,000 


2,464 


1.6 


294,026 


0.06 1 






[14,524] 




[2,027] 


[0.0068] 1 


J 


5.210 


3,495 


2.6 


276.248 


0.08 






[24.097] 




[1,904] 


[0,009] 


K 


11,725 


2,570 


1.6 


284,257 


0.07 






[17.719] 




[1.960] 


[0.0079] 



Unlike the first example (Table C) the tensile properties with the vinyl ether compounds (I and K) are similar to 
those of the more conventional formulation (H and J). Thus the film's physical properties may be adjusted by proper 
selection of the reactive vinyl ethers. 

The glass transition temperature (Tg) for each formulation is shown in the following table. 

Table L 



Formulation 


Tg.-C 


H 


114 


1 


73 


J 


70 


1 K 


78 



The cure response evaluation is reported in the following table. 



Table M 



Formulation 


Induction Time, sec. 


Peak Max (sec) 


Reacted at Peak, % 


H 


0.9 


2.6 


19.5 


1 


0.8 


2.4 


19.1 


J 


0.8 


2.4 


20.4 


K 


0.8 


2.6 


21.0 



Example 4 
Comparative 

Two formulations were prepared including 70 wt.% UV-893, 16 wt.% TMPTEA and 15 wt.% VEX-4030. For one 
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sample (L) both a free radical photoinitlator (2 pph Irgacure 184) and a cationic photoinitiator (1 pph UVI-6990, Union 
Caibide) were used and for another sample (M) only the free radical photoinitiator was used, as in the examples above. 
The formuiatbns were cured as described above and then evaluated for tensile strength, elongation, rrKxiulus and 
energy at break. The results are given in the following table. 



Table N 



1 Formulation 


Tensile Strength (psi) 
[kPa] 


Elongation % 


Modulus (psI) [mPa] 


Energy at Break (Ib-in) 
[kJ] 


1 L 


2.110 


38 


71,700 


3.3 




[14,548] 




[494] 


10.37] 


M 


3.500 


30 


19,000 


3.1 




[24,131] 




[820 


[0.35] 



It can be seen from the results that the polymers differ as a result of the difference in the type of photoinitiator. It 
would be expected that a homopolymer of vinyl ether was formed when a cationic photoinitiator was present (L), while 
this would not occur when only a free radical Initiator was used according to the Invention (M). 



Example 5 
Comparative 

Two formulations were prepared using the monofunctional acrylate, benzyl acrylate (BA) and either N^inyl pyrro- 
lidone (NVP, Sample N) or 4-vinybxybutylbenzoate (HBZ, Sample O) and 3 pph Irgacure 184. The formulations were 
cured as described above but in this case no solid film was formed. The amount of unreacted monomers was determined 
by gel permeation chromatography (GPC). The results are shown In the following table. 



Table O 



Formulation 


Composition 


% Monomer Unreacted j 


N 


15% equivalents NVP 


0.4% 




85% equivalents BA 


2.6% 


O 


15% equivalents HBZ 


5.2% 




85% equivalents BA 


7.9% 



It can be seen that in the conventbnat acrylate composition N that all NVP was reacted and only 2.6% of the acrylate 
was unreacted. However, when the monovinyl ether (HBZ) was substituted, the amount of unreacted acrylate increased 
substantially and a significant quantity of the I vinyl ether also was unreacted. 

Example 6 

In contrast to the results of Example 5 the use of a multifunctional acrylate instead of the monofunctional acrylate 
(BA) gave quite different results. Varying amounts of trimethylol propanetriethoxy acrylate (TMPTEA) were mixed with 
bis(4-vinyloxybutyl)succinate (VEX-4030) and 3 pph Irgacure 184. Cured films (1 .5 mil or 0.038 mm) were again pro- 
duced as described before and extracted with methylene chloride. The results are shown in the following table. 



Table P 



Formulation 


Composition 


% Monomer Extracted 


P 


15% equivalents 4030 

85% equivalents TMPTEA 


0.1% 


Q 


20% equivalents 4030 
B0% equivalents TMPTEA 


2.3% 



11 



EP 0633 912 B1 



Table P (continued) 



Formulation 


Composition 


% Monomer Extraeted 


R 


25% equivalents 4030 
75% equivalents TMPTEA 


6.7% 


S 


40% equivalents 4030 

60% equivalents TMPTEA 


7.9% 



It can be seen that the same ratio of the vinyl ether to the acrylate used in Exannple 5 produced in this test a much 
lower amount ot unreacted monomers. Consequently, it may be concluded that the multifunctional acrylates permit 
including significantly more vinyl ether in the formulation than do monofunctional acrylates. It also may be concluded 
that there is an upper limit on the amount of vinyl ethers which can be Included with the acrylates. Comparison of the 
relative amounts of reactants based on the number of reactive equivalents is believed to provide suitable comparison. 

Claims 

1 . A radiation curable coating composition comprising 

(a) multifunctional acrylate oligomers and monomers; 

(b) vinyl ether monomers In amounts up to 35 equivalent % of the composition; 

(c) an effective amount of a free radical photolnitlator and In the absence of a cationic photoinitiator. 

2. The coating compositton of Claim 1 wherein said vinyl ether monomers have the formula 

(R'CH=CR"-0-Z)„-B 

where 



R' and R" are monovalent radicals selected from the group consisting of H and alkyi groups having 1-10 
carbon atoms 

Z is a divalent radical having a molecular weight of about 28 to 250 and selected from the group 

consisting of alkylene. cycloalkylene or polyalkylene ether radicals 
n is an integer from 1 to 4 

B is derived from at least one member of the group consisting of aromatic and aliphatic hydrocari^ons, 



esters, ethers, siloxanes. urethanes. and carbonates and has a molecular weight of about 60 to 
400. 

3. The coating composition of Claim 2 wherein said vinyl ether monomers are derived from esters and having the 
formula 



O 

II 

Ml- (-C-0-Z-0-CR"=CHR') n 

where 



n is 1 to 4. 

is a mono. di. tri. or tetra functional radical having a molecular weight of 1 5 to 1 80 and selected 
from the group consisting of alkylene, arylene, aralkyiene and cycloalkylene radicals, 

Z, R', and R" are as defined in Claim 2 



4. The coating composition of Claim 2 wherein said vinyl ether monomers are derived from ethers by reacting at least 
one of the group consisting ot poly(ethyleneoxy), poly(propyleneoxy). or poly(butyleneoxy) glycols, where m has 
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an average value from 1 to 5 with acetylene or a vinyl oxy alkyi hallde. 

The coating composition of Claim 2 wherein said vinyl ether monomers are derived from aliphatic hydrocarbons 
described by the formula 

M2-(02-OCR-= CHR')„ 

where 



n is 1 to 4 

M2 is 3 mono, dt. tri, or tetra functional aliphatic or cycloaliphatic radical having a nrK>lecuiar weight 

of about 56 to 500 
Z. R' and R" are as defined in Claim 2 



The coating composition of Claim 2 wherein said vinyl ether monomers are derived from aromatic hydrocarbons 
described by the formula 



M3-(-OZ-OCR"-CHR')„ 

where 



n is 1 to 4 

M3 is a mono, di, tri, or tetraf unctional aromatic radical having a molecular weight of about 77 to 

500 

Z, R* and R" are as defined In Claim 2 



The coating composition of Claim 2 wherein said vinyl ether monomers are derived from a polyslloxane defined as 

(R'CH=CR'-0-Z-)„-A' 

where 

n is an Integer from 2 to 8 

A is a polyslloxane having n Si-H groups and a molecular weight of 140 to 500 

R', R'. and Z are as defined in Claim 2. 

The coating composition of Claim 2 wherein said vinyl ether monomers are (a) derived from a urethane defined as 



0 
I 

M4-(-NHC^Z-0CR'' =CHRO, 



where 

M4 is a mono, dl. or tri functional radical selected from the group consisting of alkylene, arylene. 

aralkylene and cycloalkylene radical 
q is 1 to 3 

R', RV Z are as defined in Claim 2 

or (b) a vinyl ether derived from a polyisocyanate. 

The coating composition of Claim 2 wherein said vinyl ether monomers are derived from a carbonate defined as 
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0 0 

1 I 

R'HC=R'C-O-Z-0-C-O-(-X-0-C-O-)p-Z-O-CR'=CHR' 

where 

p rs 0 to 3 

R', R", Z are as defined in Claim 2 

X is a diester, diol. or polyol moiety 

10. The coating composition of Claim 1 wherein said free radical photoinitiator is an acetophenone derivative. 

11. The coating composition of Claim 1 wherein the acrylate is a urethane acrylate oligomer or an epoxy acylate 

oligomer 

12. The coating composition of Claim 1 wherein the vinyl ether monomers comprise about 0.5 to 20 equivalent percent 
of the composition. 



Patentanspruche 

1. Strahlenhartbares Beschichtungsmittel, enthaltend 

(a) multifunktionelle Acrylatoligomere und -monomere, 

(b) Vinylethermonomere in einer Menge von bis zu 35 Aquivalent-% des Mittels; 

(c) eine wirksame Menge eines radikaiischen Photoinitiators und keinen kationischen Photoinitiator. 

2. Beschichtungsmittel nach Anspruch 1, wobei die Vinylethermonomere die Formel 

(R'CH=CR"-0-Z)„-B. 

worin 

R' und R" fOr monovalente Rests aus der Gruppe bestehend aus H und Alkylgruppen mit 1-10 Kohlenstolf- 
atomen stehen, 

Z fur einen zweiwertigen Rest mit einem Molekulargewicht von etwa 28 bis 250 aus der Gruppe 

bestehend aus Alkylen-, Cycloalkylen- und Polyalkylen-etherresten steht. 
n eine ganze Zahl von 1 bis 4 bedeutet und 

B von mindestens einem Mitglied der Gruppe bestehend aus aromatischen und allphatischen Koh- 

lenwasserstoffen, Estem, Ethem, Siloxanen, Urethanen und Carbonaten abgeleitet ist und ein 
Molekulargewicht von etwa 60 bis 400 aufweist, 

haben. 

3. Beschichtungsmittel nach Anspruch 2, wobei die Vinylethermonomere von Estern abgeleitet sind und die Fomiel 



O 
II 

Ml- (-C-0-Z-0-CR"=CHR' ) 

worin 
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n fur 1 bis 4 steht, 

fur einen mono-, di-, tri- Oder tetrafunktionelien Rest mit einem Molekutargewicht von 15 bis 
1 80 aus der Gruppe bestehend aus Alkylen-, Arylen-. Aralkylen> und Cycloalkylenresten steht 
und 

Z. R' und R' die in Anspruch 2 angegebenen Bedeutungen haben, 
haben. 

Beschichtungsmittel nach Anspruch 2, wobei die Vinylethermonomere durch Umsetzung von mindestens einem 
MItglied der Gruppe bestehend aus Poly(ethylenoxy)-, Poly (propylenoxy) - Oder Poly(butylenoxy) glykolen, worin 
m eInen durchschnittlichen Wert von 1 bis 5 hat, mIt einem Acetylen oder etnem Vinyloxyalkylhalogenid von Ethern 
abgeleitet sind. 

Beschichtungsmittel nach Anspruch 2, wobei die Vinylethermonomere von aiiphatischen Kohlenwasserstoffen der 
Formel 

M2-(-OZ-OCR"=CHR*)„. 

worin 



n fOr 1 bis 4 steht, 

M2 fOr einen mono-, di-. tri- oder tetrafunktionelien aiiphatischen oder cycloaliphatischen Rest mit 

einem Molekulargewicht von etwa 56 bis 500 steht und 
Z, R' und R" die in Anspruch 2 angegebenen Bedeutungen haben, 



abgeleitet sind. 

Beschichtungsmittel nach Anspruch 2. wobei die Vinylethermonomere von aromatischen Kohlenwasserstoffen der 
Fomnel 

M3- (-OZ-OCR"=CHR')„. 

worin 



n fOr 1 bis 4 steht, 

M3 f Or einen mono-, di-, tri- oder tetrafunktionelien aromatischen Rest mit einem Molekulargewicht 

von etwa 77 bis 500 steht und 
Z, R' und R" die in Anspruch 2 angegebenen Bedeutungen haben, 



abgeleitet sind. 

Beschichtungsmittel nach Anspruch 2. wobei die Vinylethermonomere von einem Pofysiloxan der Formel 

(R'CH=CR"-0-Z)„-A*. 

worin 

n fOr eine ganze Zahl von 2 bis 8 steht, 

A fOr ein Polysiloxan mit n St-H-Gruppen und einem Molekulargewicht von 1 40 bis 500 steht und 

R', R" und Z die in Anspruch 2 angegebenen Bedeutungen haben, 

abgeleitet sind. 

Beschichtungsmittel nach Anspruch 2. wobei die Vinylethermonomere (a) von einem Urethan der Formel 
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O 
II 

M4- (-NHC-0-Z-OCR"=CHR' 

worin 

M4 fur einen mono-, di- oder trif unktionellen Rest aus der Gruppe bestehend aus Alkylen-. Arylen-, 

Aralkylen- und Cycbalkylenresten steht, 
q fur 1 bis 3 steht und 

R*. R" und Z die in Anspruch 2 angegebenen Bedeutungen haben. 
abgeleitet sind 

Oder (b) einen von einem Polyisocyanat abgeleiteten Vinylether darstellen. 

9. Beschiclitungsnnittel nach Anspruch 2, wobei die Vinylethermonomere von einem Carbonat der Formel 

O O 
II II 

R'HC=R"C-0-Z-0-C-0- (-X-0-C-0)„-Z-0-CR"=CHR' , 

worin 

p fOr 0 bis 3 steht. 

R', R" und Z die in Anspruch 2 angegebene Bedeutung haben und 

X fOr eine Diester-. Diol- oder Polyol-gruppierung steht, 

abgeleitet sind. 

10. Beschtchtungsmittel nach Anspruch 1. wobei es sich bei dem radikalischen Photoinitiator um ein Aceto-phenon- 
derivat handelt. 

11. Beschichtungsmittel nach Anspruch 1, wobei es sich be! dem Acrylat um ein Urethanacrylat-Oltgomer oder ein 
Epoxyacryiat-Oligomer handelt. 

12. Beschichtungsmittel nach Anspruch 1, wobei die Vinylethermonomere etwa 0,5 bis 20 Aquivalentprozent des Mit- 
tets ausmachen. 



Revendlcatlons 

1 . Composition de revdtement durclssable par un rayonnement comprenant 

(a) des oligom^res et monom^res aery late multifonctionnels; 

(b) des monom^res ^ther vinylique en quantrt6s allant jusqu'd 35% en Equivalents de la composition; 

(c) une quantity efficace d'un photoamorceur de radicaux libres et en I'absence de photoamorceurcationique. 

2. Composition de revdtement selon la revendicatbn 1 . dans laquelle lesdits monom6res Ether vinylique rdpondent 
k la formule 

(R'CH=CR"-0-Z)„-B 

dans laquelle 



16 



EP 0 633 912 B1 

R' et R" sont des radicaux monovalents choisis dans le groupe constitud par H et les groupes alkyle com- 

portant 1-10 atomes da carbone 
2 est un radical divalent ayant una masse mol6culaire d'environ 28 k 250 et choisi dans le groupe 

constitud par les radicaux alkyl^ne. cyctoalkyldne ou poly(dther alkyldne) 
n est un nombre entier de 1 d 4 

B est d6riv6 d'au molns un didment du groupe constitu^ par les hydrocarbures aromatiques et ali- 

phatiques, les esters, les Others, les sitoxanes» les ur^thanes et les carbonates, et possdde une 
masse molteulaire d'environ 60 di 400. 

comtion de revStement selon la revendication 2, dans laquelle lesdits monomdres dther vinylique sont ddriv^s 
d'esters et r^pondent k la formule 

O 
II 

Ml- (-C-O-Z-0-CR"=CHR' ) „ 

dans laquelle 



n a une valeur de 1 & 4. 

est un radical mono-, di-, tri- ou tdtra-fonctionnel ayant une masse moldculaire de 15 ^ 160 et 
choisi dans le groupe constltu^ par ies radicaux alkyldne. aryl^ne, aralkyl&ne et cycloalkyl&ne, 

Z, R' et R" sont tels que d6finis dans la revendication 2. 



Composition de rev^tement selon la revendication 2. dans laquelle lesdits monom^res 6ther vinylique sont d6rivds 
d'ethers par ta reaction d'au moins un des composes du groupe constitud par les poly (dthyldneoxy) poty(pro- 
pyldneoxy)- ou poly(butyl6neoxy)glycols. ou m a une valeur moyenne de 1 a 5. avec rac6tyl6ne ou un halog6nure 
de vtnyloxyalKyle. 

omposition de revdtement seton la revendication 2, dans laquelle lesdits monom^res 6ther vinylique sont derives 
d'hydrocarbures aliphatiques d^crrts par la formule 

M2-(-OZ-OCR"=CHR')„ 

dans laquelle 



n a une valeur de 1 ^4, 

Mg est un radical aliphatique ou cycloallphatique mono-, di-, tri- ou t6tra-fonctionnel ayant une mas- 

se mol6culaire d'environ 66 k 500, 
Z, R' et R' sont tels que ddfinis dans la revendication 2. 



Composition de revdtement selon la revendication 2, dans laquelle lesdits nrionom6res 6ther vinylique sont ddrivds 
d'hydrocarbures aromatiques d^crlts par la formule 

M3-(OZ-OCR"=CHR') „ 

dans laquelle 



n a une valeur de 1 ^ 4. 

M3 est un radical aromatique mono-, di-, tri- ou t^tra-fonctionnel ayant une masse mol^culaire d'en- 

viron 77 k 500, 

Z, R' et R" sont tels que ddfinis dans la revendication 2. 



Composition de revdtement selon la revendication 2, dans laquelle lesdits monomdres 6ther vinylique sont ddrivds 
d'un polysiloxane ddfini par 
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(R*CH=CR"-0-Z-) „-A' 

dans laquelle 

n a une valeur de 2 ^ 8, 

A est un polysibxane oomportant n groupes Si-H et ayant une masse moldculaire de 140 £i 500, 

R*. R* et Z sont tels que ddfinis dans la revendication 2. 

8. Composition de revdtement selon la revendication 2. dans laquelle lesdits monom^res 6ther vinyllque sont (a) 
ddriv^s d'un ur^thane ddfini par 



O 

II 

M4- {-NHC-0-Z--OCR"=CHR' )q 

dans laquelle 



M4 est un radical mono-, di- ou tri-fonctionnel choisi dans le groupe constitu^ par les radicaux 

alkyldne, aryldne. aralkyl^ne et cycloalkyidne, 
q a une valeur de 1 ^ 3, 

R', R", Z sont tels que ddfinis dans la revendication 2, 



ou (b) un dther vinylique ddrivd d'un potyisocyanate. 

9. Composition de revdtement selon la revendication 2, dans laquelle lesdits monom^res ^ther vinylique sont ddriv6s 
d'un carbonate dSfini par 



O O 

II II 
R • HC'=R"C-0-2-0-C-0- ( -X-O-C-O- ) p-Z-0-CR"=CHR ' 

dans laquelle 

p a une valeur de 0 ^ 3, 

R', R", Z sont tels que ddfinis dans la revendication 2, 

X est un groupement diester, diol ou polyol. 

10. Composition de revdtement selon la revendication 1 , dans laquelle ledit photoamorceur de radicaux libres est un 
dSrivd d'ac6tophdnone. 

1 1 . Composition de revdtement selon la revendication 1 . dans laquelle I'acrylate est un ollgom^re d'acrylate d'urdthane 
ou un oligom^re d'6poxyacrylate. 

12. Composition de revdtement selon la revendication 1, dans laquelle les monom^res dther vinylique repr^sentent 
environ 0.5 h 20 pour cent en Equivalents de la composition. 
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